In the perinatal submandibular gland (SMG) of the rat, Type I cells secrete protein C (89 m) and Type 111 ceUs secrete B1-immunoreactive proteins (20-30 KD); both cell types secrete protein D (175 m). After the disappearance of both perinatal cell types from the maturing acini, only cells of the intercalated ducts (ID) show strong reactivity for the perinatal antigens. In adult ID, light and electron microscopic immunocytochemical analysis showed that most ceUs had either C or B1 reactivity, a few had either C and D or B1 and D reactivities, and some cells were unreactive for all of the perinatal proteins. Occasional clusters of "adult" acini, however, were strongly positive for B1 and for D, and these clusters were negative for a typical adult acinar marker, the ' glutaminelglutamic acid-rich proteins (GRP) . Also seen in some preparations were a few anomalous acini with the histological appearance of sublingual (SE) acini. These were negative for the perinatal and adult submandibular gland marker proteins but reactive with an antibody against SLG mucin. We suggest that the B1-positive acini in the adult SMG consist of newly differentiated replacement cells that have arisen from the ID, and that the anomalous mucous acini are, phenotypically, SLG acini that have differentiated within the SMG parenchyma. ( J Hisrochem Cyrochem
Introduction
The submandibular gland (SMG) of the adult rat consists of seromucous acini that drain into a complex ductal system. The acinarintercalated duct junction is marked by the presence of distinct cells that contain secretory granules morphologically different from those of the acini, and which also are distinct from the granules of more typical intercalated duct cells (Letic-Gavrilovic et al., 1990; Qwarnstrom and Hand, 1983) . The intercalated ducts (ID) are continuous, through an abrupt transition, with the highly specialized granular ducts (GD) that are typical of rodent SMG (reviewed in Gresik, 1994; Ball, 1993; Barka, 1980) . Saliva from the granular ducts continues into striated ducts and then through excretory ducts (ED) to the oral cavity.
Proteins produced by the adult acini include mucins (Tabak et al., 1985) , a family of glutaminelglutamic acid-rich proteins (the GRP) (Mirels et al., 1987 (Mirels et al., ,1990 Heinrich and Habener, 1987) , cystatin (Bedi, 1989a,b) , Shaw et al., 1988) and the "Spot" protein (Dickinson et al., 1989a,b) . The differentiation of these acini is, however, indirect; it follows the perinatal development of quite different immature acini that function as a unique and transient secretory system. These contain two distinct types of secretory cells, called Type I or terminal tubule cells and Type 111 or proacinar cells (Ball and Redman, 1984; Cutler and Chaudhry, 1974; Barka, 1973,1974) . Type I cells secrete an 89 KD protein that we call protein SMG-C, whereas Type 111 cells secrete several members of a protein family called the B1-immunoreactive proteins; these include SMG-A (23.5 KD), -B1 (26 KD), , all of which are reactive with polyclonal antibodies to B1 (Ball et al., 1988a.b; Ball and Redman, 1984; Ball and Nelson, 1978) . Still another secretory protein, Protein D (175 KD), is found in both perinatal cell types Ball and Redman, 1984) . The discovery of these proteins was serendipitous and their functions are still unknown. However, they appear to be very useful markers for specific cell differentiation in different salivary gland cells. The mRNA for protein SMG-A has been used to isolate and clone a cDNA and the complete sequence has been obtained (Mirels and Ball, 1992) . It is homologous to the well-characterized "parotid secretory protein" of the mouse (Madsen and Hjorth, 1985) and rat (Mirels and Ball, 1992) , and to no other known protein. A partial sequence is available for protein C, and it lacks homology to any known protein (Mirels et al., 1993) . Protein D has not yet been sequenced; it has a peculiar subcellular distribution, being localized at the periphery of the secretion granule content, perhaps in association with the exoplasmic surface of the membrane, before it is secreted .
We have shown that the Type 111 cells differentiate directly into mature seromucous acinar cells during the first 3 weeks postpartum (Moreira et al., 1990 , and that cells in intermediate stages have secretion granules that contain both the perinatal B1-reactive proteins and adult mucin and GRP . Type 111 cells are no longer seen in the adult acini, which are now unreactive for B1 Ball et al., 1988a) . A subset of cells in the intercalated ducts, however, reacts strongly with anti-B1 IgG (Ball et al., 1988a) . Type I cells also are absent from mature acini; however, cells that label strongly for Protein C are also seen in the ID and appear to be Type I cells that have moved out of the neonatal acini (Ball et al., 1988b) . In our ultrastructural preparations, we found no ID cells that were reactive with both anti-C and with anti-B1 IgG, indicating that at least two distinct cell types are present in the ID. Similarly, high levels of protein D reactivity are not seen in acini but are found in some ID cells . Because protein D reactivity may identify still other ID cell types, we wished to determine whether it is co-localized with the B1 reactivity and/or with protein C, or also is found in exclusively different cells.
In this study we evaluate immunocytochemically the distribution of the several proteins in cells of the intercalated ducts. We confirm more extensively the completely separate localization of protein C and B1 reactivity. In contrast, we find protein D to be present only in cells with B1 or C reactivity, but never alone, and we report the existence of other ID cells that appear to lack all of these proteins. In contrast to our previously reported general finding that the adult acini are unreactive for B1 (Ball et al., 1988a) , we document here the existence of scattered groups of acini that have the high B1 and D reactivity of neonatal Type 111 cells. Lastly, we report the occasional occurrence of mucous acini that are histologically unlike the typical seromucous acini of the SMG but which are very similar to the mucous acini of the S E . We prepared a specific antiserum to sublingual gland mucin which, in combination with our other reagent antibodies, showed these acini to have the antigenic specificity of sublingual gland acini. We suggest that these consist of phenotypically characteristic sublingual gland cells that have differentiated within the parenchyma of the SMG.
Materials and Methods
Materials. Chemicals for electron microscopic tissue fixation and embedding were purchased from Electron Microscopy Sciences (Fort Washington, PA) and Ladd Research Industries (Burlington, VT). Tissue-Tek OCT Medium was purchased from Miles Scientific (Elkhart, IN) . Protein A-gold and IgG-gold reagents were obtained from Janssen Life Sciences (Beerse, Belgium), and other immunological reagents were obtained from Organon-Teknika-Cappel (West Chester, PA). For Iight microscopic immunostaining, BioStain super ABC kits, alkaline phosphatase chromogen kit, and peroxidase chromogen kit were purchased from Biomeda (Foster City, CA). Gelatin was obtained from BioRad (Richmond, CA). Hanks balanced salt solution (HBSS) was purchased from Flow Laboratories (Maclean, VA). For preparation of anti-SE antisera. phenylmethylsulfonyl fluoride (PMSF) was purchased from Boehringer Mannheim (Indianapolis, IN), CsCl from Research Products (Mount Prospect, IL), guanidinium-HC1 from United States Biochemical (Cleveland, OH), biotinylated wheat germ agglutinin from E-Y Laboratories (San Mateo, CA), Sepharose CL4B from Pharmacia Biotech (Uppsala, Sweden), horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG and 3 -3'-5,5'-tetramethylbenzidine (TMB) from Kirkegaard & Perry Laboratories (hthersburg, MD), HRP-conjugated streptavidin from Zymed Laboratories (So. San Francisco, CA), 3-3'-diaminobenzidine (DAB) from Polysciences (Warrington, PA), and Hunter's Titer Max from Cytrx (Norcross, GA). Other chemicals and solvents were reagent grade and were purchased fromJT Baker (Phillipsburg, PA), Fisher Scientific (Pittsburgh, PA) or Sigma Chemical (St Louis, MO). All solutions were made up in deionized, glass-distilled water.
Collection of Tissues for Fixation. Tissue samples for immunocytochemical analyses were obtained from male Sprague-Dawley rats that were maintained and mated as previously described (Ball et al., 1988a) . Neonatal animals at 5 days postpartum were sacrificed by quickly severing the cervical spinal cord. Older animals were sacrificed by exsanguination under halothane anesthesia. Glands were minced with fine scissors in HBSS before fixation.
Light Microscopic Immunolabeling. Tissues were fixed in 20% isopropanol, 4% formaldehyde, 2% trichloroacetic acid, 2% mordant (Perfix; Fisher) overnight at 4'C, dehydrated, and embedded in paraffin, or substituted with propylene oxide and embedded in Epon 812. Paraffin sections 2-3 pm thick or plastic sections at 1 pm were prepared. After removing paraffin with xylene, or plastic with saturated KOH in ethanol, and lightly counterstaining with hematoxylin, the sections were immunostained by the avidin-biotin complex (ABC) method (Hsu et al.. 1981) . according to the manufacturer's directions. Briefly, the sections were treated with 0.3% H202 in methanol for 30 min to block endogenous peroxidase activity and with normal goat serum for 30 min to eliminate nonspecific binding. Sections were incubated overnight at 4% with primary antibody. Primary antibodies were polyclonal antibodies to proteins B1, C and D, as previously reported (Ball et al., 1988a (Ball et al., ,b,1991 , amonoclonal antibody (MAb) to GRP obtained from Dr. Lawrence A. Tabak (Moreira et al., 1989; Mirels et al., 1987) , and polyclonal antisera to rat SLG mucin. Antibody concentrations were: anti-B1, 1.1 pglml; anti-C, 1.4 pglml; anti-D, 20 pg/ml; anti-GRP, a 1:lOOO dilution of reconstituted ascites fluid; anti-SLG mucin, a 1:2000 dilution of antiserum. Sections were incubated with secondary antibody, with avidin-peroxidase or avidin-alkaline phosphatase complex solution, and finally with chromogen. Chromogens were: brown, diaminobenzidine; blue, 4-chloro-1-naphthol; red, 3-amino, ?-ethyl carbazole; black, >-bromo. 4-chlor0, 3-indolylphosphate/nitroblue tetrazolium. After rinsing with water, sections were mounted directly into a mounting medium that was made by mixing 5 g of gelatin with 70 ml H20, 25-27 ml glycerol, and 10 mg NaN3 and stirring for 60-90 min at 70430°C. The solution was stored at 4'C and was liquified at 45-55°C before use. For evaluating the overall distribution of C-versus B1-reactive cells, sections were labeled and reacted first with anti-C IgG and the black chromogen, and then with anti-B1 IgG and the red chromogen (Soriano and Del Rio, 1991) . For estimating the numbers of B1-, C-, and D-reactive cells per unit area, sections from five rats were separately labeled with anti-Bl, -C. and -D antibodies and labeled ID cells were counted in nine randomly selected fields (one to three fields from each rat). For determining the extent of CO-localization of the different antigens, one antibody or a mixture of two antibodies was applied to the center one of three sections, while the comparison antibody was applied to the two flanking sections. Ractive cells in the center section were then identified in a flanking section and evaluated for reactivity with the comparison antibody.
Immunocytochemical controls included substitution of pre-immune IgG for the primary antibody or omission of the primary antibody from the labeling sequence.
Electron Microscopic Immunolabeling. Tissues were fixed in 1% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4, for 1 hr at room temperature (RT), then dehydrated in increasing concentrations of ethanol, substituted with propylene oxide, and embedded in EMbed. Thin sections of selected areas were prepared with a diamond knife and picked up on uncoated 300-or 400-mesh nickel grids. Immunogold labeling was carried out essentially as described earlier (Ball et al., 1988a.b) . Grids were incubated on small drops of primary antibody for 60 min, rinsed with Tris-buffered saline, and bound immunoglobulins were detected by incubation with protein A-gold or goat anti-rabbit IgG-gold conjugates for 30-60 min, all at RT. Double labeling with two different antibodies was performed by the two-sided method of Bendayan (1982) . Sections were stained with uranyl acetate and lead citrate before examination in the transmission electron microscope. As with the light microscopic preparations, immunocytochemical controls included substitution of pre-immune IgG for the primary antibody or omission of the primary antibody from the labeling sequence.
Purification and Characterization of the Major Mucin from Rat Sublingual Glands. Sublingual glands excised from ether-anesthetized 2 monthold specific pathogen-free male Wistar rats (Charles River, Kingston Facility) were homogenized (40 mg wet wt/ml) in 50 mM sodium phosphate, 1 mM MgCI, 1 mM PMSF, pH 7.4, with a Dounce homogenizer (A pestle) at 4'C and centrifuged for 60 min at 100,000 x g at 4°C (Beckman 60 Ti rotor). The resultant supernatant was subjected to CsCl density gradient centrifugation (Culp et al., 1991) and fractionated into 20 fractions of 2 ml each. Fractions were analyzed for protein (OD2m) and probed by dotblot with wheat germ (Triticum vulgaris) agglutinin (WGA) to monitor glycoproteins. Nitrocellulose blots (Schleicher & Schuell Minifold I; Dassell, Germany) were probed with biotinylated WGA (10 pg/ml in blocking solution, 0.2% Tween-20 in PBS) for 1 hr, washed in PBS, incubated (1 hr) with HRP-conjugated streptavidin (1:lOOO in blocking solution), and developed in 0.05% DAB in PBS-buffered 0.01% H202. Fractions 6 through 12 (1.34-1.41 glml) containing peak WGA binding were pooled, dialyzed extensively (10 mM sodium phosphate, 150 mM NaCI, 5 mM NqEDTA, pH 6.5), brought to 0.4 M guanidine-HCI and to 66% CsCl (final density 1.49 glml), then centrifuged for 65 hr at 18'c in a Beckman 60 Ti rotor at 42,000 rpm and fractionated (26 fractions of 1.5 ml each). Fractions 11-21 (1.39-1.50 g/ml) containing a protein peak and the peak of WGA binding were pooled, dialyzed exhaustively against 10 mM sodium phosphate (pH 6.8). then treated with hydroxyapatite at 60 mglml (Moschera and Pigman. 1975) to separate the major mucin from the minor mucin and other glycoproteins that bind to hydroxyapatite. The resultant supernatant was dialyzed exhaustively against water, lyophilized, then subjected to gel filtration chromatography (Sepharose CL-4B, 1 x 112 cm; equilibrated and eluted with 50 mM Tris-HC1, 5 mM NqEDTA, 6 M urea, 1 M NaCI, 50 mM P-mercaptoethanol. 0.02% NaN3, pH 7.5) to remove residual lower molecular weight protein contaminants from the major mucin that was localized in the void volume and the initial included fractions, as determined by WGA binding. These fractions (30-57; 1 ml each) were pooled. dialyzed, lyophilized, and the resultant mucin used as antigen for antisera production. Purified mucin was analyzed for constituent carbohydrates and amino acids as described previously (Culp et al., 1991) . Results (not shown) were similar to those reported by Moschera and Pigman (1975) ; SDS-PAGE and subsequent staining for proteins and glycoproteins were as described previously (Culp and Latchney, 1993) .
Preparation of Polyclonal Antisera. Two female New Zealand White rabbits (3-4 kg) were injected (IM) in each hindleg with 75 pg of purified mucin that had been dissolved in PBS (0.8 mg/ml) and mixed with an equal volume of Hunter's Titer Max. Booster injections were given at 9, 13, and 25 weeks. Starting at Week 4, 30-40 ml of blood was collected from the central ear arteries at 2-week intervals. Antibody titer was monitored by an ELISA using 96-well plates coated with puriiied mucin in PBS (10 Fglml) and blocked (1 hr) with 1% BSA in PBS + 0.05% Tween 20 (blocking solution). Wells were then incubated (90 min) with serial dilutions of antisera in blocking solution, washed, incubated (90 min) with HRP-conjugated goat anti-rabbit IgG (1:5000 in blocking solution), washed, and incubated for 4 min with 100 kl of TMB. Reactions were stopped with 100 pl of 2M HzS04 and absorbance (450 nm) measured. All reactions were at RT and washes were with PBS + 0.05% Tween 20. Controls consisted of no primary antisera and of pre-immune serum from each rabbit. Sera from bleeds 5-15 of each animal were of high titer and were therefore pooled, aliquoted, and used in all assays. Western blot analysis of antisera was as described previously (Culp and Latchney, 1993) . except that primary antiserum was used at 1:lOOO dilution. To prepare glandular homogenates, glands excised from male Wistar rats (2-3 months old) were minced and homogenized at 4'C with a Brinkman Polytron (setting #7, three pulses of 20 sec) in 2 volumes of 10 mM sodium phosphate, 2 mM NqEDTA, 5 mM benzamidine hydrochloride, 1 mM aminocaproic acid, 0.5 mM PMSF, pH 6.0. Homogenates were centrifuged (900 x g for 5 min at 4'C) and the supernatants reduced and alkylated as described by Hudson and Spiro (1972) . with 50 mM dithiothreiotol as reducing agent. Protein was determined by the method ofBradford (1976) . In some cases, nitrocellulose blotsfor Western analysis were oxidized with periodic acid (PA) in the dark as follows: 1 hr at 23'C in buffer (50 mM sodium acetate, pH 4.8) as a control; 1 mM PA, 10 min, 4°C; 10 mM PA, 10 min. 23°C; 50 mM PA, 1 hr. 23'C; 100 mM PA, 16 hr, 23°C. In other cases, blots were treated with acid (0.1 N HzS04 at 80°C for 1 hr) to remove sialic acids, as described by Moschera and Pigman (1975) .
Results

Electron Microscopic Visualization of Protein Localization
Using doubly labeled electron microscopic preparations, we were able to find cells in which protein D was co-localized with C, and others showing D and B1 co-localization (Figures 1-4) . Figure 1 shows a section from a rat at 20 days postpartum; here, anti-D IgG and anti-C IgG co-label the secretion granules of an ID cell. Whereas protein C labeling is distributed throughout the granule content, protein D is peripherally localized, possibly being associated with the exoplasmic surface of the secretion granule membrane. COlocalization of proteins D and C was also found in a 60-day-old rat ( Figure 2 ). In this adult preparation, the peripheral localization of protein D seen at earlier ages is no longer evident. Protein D reactivity also can be found co-localized with B1 in ID cells of adult rats at 3 months ( Figure 3 ) and 8 months ( Figure 4 ) of age. Only occasional, randomly distributed gold particles were found in any of the control preparations (not shown).
Light Microscopic Immunocytochemical Localization of Perinatal Proteins in Intercalated Ducts
To extend our previous observations to larger numbers of cells and to more thoroughly evaluate the distribution of Protein D, we have used the ABC method to detect the antigens in light microscopic preparations. Figures 5-7 show the reactivity of adult SMG preparations with anti-B1, anti-C, and anti-D IgG, respectively. No reactivity for B1 is seen in acini, but cells in several ID are reactive (Figure 5) . Cells that label strongly for protein C also are seen in intercalated ducts, often at their junction with acini ( Figure 6 ), in the position of the cells previously described as granular cells (Qwarnstrom and Hand, 1983) . or juxta-acinar cells (Letic-Gavrilovic et al., 1990) . In Figure 7 , a low level of protein D reactivity is evident in the acini, and a much more intense reaction is seen in some cells of the ID.
Evaluation of the Extent of CO-localization of the Perinatal Proteins in Cells of the IntercaZated Ducts
We first examined the localization of B1 and C reactivity by doubly labeling the same section. Figure 8 shows an adult SMG preparation labeled with anti-C and anti-Bl IgG, which were detected with a black and a red chromogen, respectively. In Figure 8a , B1-and C-labeled cells are seen along the length of an ID. In Figure 8b , two cells labeled with anti-C IgG are seen in a juxta-acinar location, and the rest of the ductal profile shows only B1 labeling. These data are consistent with our previous ultrastructural identification of two separately labeled cell types (Ball et al., 1988b) . Because the black chromogen might obscure the red chromogen in doubly labeled cells, we have further evaluated light microscopic preparations in which three consecutive serial sections have been separately labeled, using one antibody on the center section and the comparison antibody on the flanking sections. Figure 9 shows two such sections, revealing the lack of correspondence between B1-labeled cells (Figure 9a ) and C-labeled cells (Figure 9b ). A total of 1554 B1-and C-labeled cells were evaluated; 1552 were scored not labeled in the adjacent sections, none were clearly labeled, and two were considered doubtful. We then wished to confirm the co-localization of Protein D with B1 and with C reactivity, and to establish quantitatively the extent of this co-localization. Figure 10 shows a series in which sections adjacent to those showing protein D reactivity were reacted with anti-B1 IgG; all D-labeled cells are seen to co-label for B1. Figure  11 shows a series in which D-labeled cells were evaluated for protein C reactivity. Some cells are reactive for protein C, whereas others are devoid of C label. In still another preparation, one section was reacted with anti-D IgG and the adjacent section was labeled with a mixture of anti-C and anti-B1 antibodies; all cells with protein D were co-labeled ( Figure 12 ). Of 201 D-positive cells, 83% colabeled for B1; in a second sample, D-positive cells were compared with protein C, and 18% of 82 D-labeled cells co-labeled for Protein C, lastly, 219 D-labeled cells compared to cells labeled with a mixture of anti-B1 and anti-C; IgG showed 100% co-localization.
Although D-labeled cells always contained either B1 or C reactivity, the converse was not true, because the number of cells that were labeled for protein D was less than 10% of the number labeling for either B1 or C. Therefore, most B1-and C-labeled cells lack Protein D (Table 1 ; and see cells labeled for B1 and C, but not D, in Figures 10-12b ). Finally, preparations labeled with a mixture of anti-Bl and anti-C still show some unlabeled ID cells (Figure 13 ).
Occurrence of 61-labeled Acini in Adult Glands
Although typical adult acini were unreactive for B1 (Ball et al., 1988a) , the more extensive search permitted by the light microscopic ABC procedure disclosed scattered groups of acini that showed strong reactivity with anti-B1 IgG. For purposes of comparison, we first show 5-day neonatal acini in which Protein C and B1 are separately localized in a mixed population of Type I and Type 111 cells (Figure 14) . Because both neonatal cell types contain a high level ofprotein D, reaction with anti-D IgG shows uniform reactivity in all acinar cells (Figure 15 ). Figure 16 shows, in contrast, the B1-reactive acini seen in an adult gland. All of the cells were labeled for B1 and no cells showed strong reactivity for c, except for some ID and JA cells. Figure 17 shows three consecutive serial sections labeled for B1, D, and the adult acinar marker GRP. In marked contrast to the typical mature acini, which show only the hematoxylin counterstain, a large group of acini at the tip of a lobule is seen to be strongly reactive with anti-81 IgG (Figure 17a ). The ad- "-jacent section (Figure 17b) shows the same acini heavily labeled with anti-D IgG, also in contrast to the weakly reactive mature acini. Lastly, Figure 17c shows the opposite reactivity pattern, in which the same group of acini is unreactive with anti-GRP whereas the surrounding acini show GRP reactivity. The B1-positive acini therefore contain cells with the phenotypic characteristics of neonatal Type Ill cells rather than those of mature acinar cells. We have seen examples of these acini at 45 days and at 2, 3, 5 , and 9 months of age. They are smaller than the predominant seromucous acini and, like the example in Figure 17 , are often located at the tips of lobules. We see clumps of these acini in (approximately) one third of randomly chosen sections.
Figure 11. Localization of protein D and C reactivity in serial sections of a 2-month-old SMG. (a) Three D-labeled cells fail to show reactivity with anti-C IgG (b) (large arrowheads). Two cells reactive for D in (a) do co-label with C in (b) (small arrowheads). Other cells labeled for C fail to label for D (unmarked). Bars
Occurrence of Anomalous Mucous Acini in the Adult
While examining the areas near B1-reactive acini, we noted a number of acinar structures that were morphologically distinct. Figure  17 shows these acini in sections reacted with anti-B1, anti-D, or anti-GRP antibodies. They have the classic histological appearance of mucous cells, rather than the typical seromucous cells of SMG acini (Young and Van Lennep, 1978) , having a highly lucent cytoplasm and basally flattened nuclei, features more characteristic of secretory complexes in the sublingual gland (Redman and Ball, 1978) . Like the typical SMG acini, they are negative for B1 reactivity (Figure 17a ) but fail to show reactivity for the SMG acinar marker GRP (Figure 17c ). We have compared these anomalous mucous acini with typical acini of both the SMG and SLG, after reaction with antibodies to the neonatal and adult marker proteins. First (Figure  18 ), the SLG was compared with an adjacent piece of parotid gland, included to provide a positive control for B1 ( Figure 18a ) and negative controls for GRP ( Figure 18b ) and for SLG mucin (Figure 18c ). As had previously been reported, SLG acinar cells were unreactive for B1 (Ball et al., 1988a) , as well as for the adult SMG marker GRP (Mirels et al., 1987 (Mirels et al., ,1990 , and show the expected reactivity with anti-SLG mucin. Figure 19 shows serial sections of SMG contain-ing the anomalous mucous acini. The typical SMG acini are unreactive for both B1 (Figure 19a ) and SLG mucin ( Figure 1% ). while
showing reactivity for GRP ( Figure 19b ). Some of the GRP-reactive cells appear to be arranged around the anomalous mucous acini in a demilunar configuration. In contrast, the anomalous mucous acini are unreactive for the neonatal and adult SMG marker proteins (Figures 19a and 19b ) but show strong reactivity for SLG mucin ( Figure 1% ).
Speczficity of Antisera to Rat Sublingual Major Mucin
The purity of the antigen rat sublingual major mucin, was assessed by SDS-PAGE. When stained with Alcian blue-silver for glycoprotein, the purified mucin stained as a single, broad glycoprotein band at the interface of the 3.6% stacking gel and 12% running gel (Figure 20 , Lane 2). No contaminating proteins were observed when a 30-pg sample of mucin was subjected to SDS-PAGE and stained first with Coomassie Blue followed by staining with silver ( Figure 20, Lane 3) . After separation on a 3.6% gel and staining for glycoprotein, the purified mucin appeared as a single broad band fully included in the upper third of the gel (not shown). For comparison, sublingual gland homogenate displayed a major intensely stained glycoprotein band throughout the stacking gel and just entering the running gel, as well as lightly stained bands between 100 KD Figure 21 are results of Western analysis using sublingual gland homogenate (Lane 1) and purified major mucin (Lane 2). In both cases, immunoreactivity is specific to high molecular weight glycoproteins stained in Figure 20 (Lanes 1 and 2). Lanes 5 and 6 of Figure 20 (sublingual homogenate and purified major mucin, respectively) demonstrate that transfer of material from the acrylamide gel was efficient except for a small amount of high molecular weight glycoproteins in the sublingual homogenate. Pre-absorption of the antisera to purified major mucin Figure 13 . Intercalated duct cells that are unreactive for both B1 (black) and C (red). The arrows identify a group of unlabeled cells. Bar = 10 pm Figure 14 . Immature acini in a 5-day neonate, doubly labeled for 61 and for protein C. In this preparation, 61-reactive proteins were detected with antibody to Protein SMGA, which has the same cell specificity as anti-B1 IgG , and labeled with a blue chromogen. Protein C was detected with anti-C IgG and a red chromogen. Bar = 10 pin. Figure 15 . Immature acini in a 5-day neonate labeled for protein D. All acinar cells reacted with anti-D IgG labeled with a blue chromogen. Ducts and stromal tissues in Figures 14 and 15 remain unlabeled. Bar = 10 pm, Figure 16 . 81-positive acini in a 2-month-old rat, doubly labeled with anti-B1 (red chromogen) and anti4 IgG (black chromogen). Protein C labeling is seen only in intercalated ducts or juxta-acinar cells (arrows). Bar = 10 pm. (Lanes 2.3, and 6) purified sublingual major mucin and (Lanes 1.4. and 5) sublingual glandular homogenate. Lanes 1 and 2 were stained for glycoproteins with alcian blue and silver enhancement. Lanes 3 and 4 were stained for proteins with Coomassie Rlue. followed by silver. Lanes 5 and 6 were stained sequentially with alcian blue, Coomassie Blue, and silver after electrotransfer of glycoproteins and proteins onto nitrocellulose for Western analysis. Dashes on the far left mark the positions of molecular weight standards: apmacroglobulin (211 KD). p-galactosidase (1 19 KD). fructose-6-phosphate kinase (98 KO). pyruvate kinase (80.6 KD). fumarase (64.4 KD). lactate dehydrogenase (44.6 KD). and triosephosphate isomerase (389 KD). Samples (30 pg dry w l purified sublingual malor mucin or 30 pg protein of sublingual gland homogenate) were run on a 3.6% stacking gel with a 12% running gel. Figure 21 . Western blot analysis of (Lanes 2. 3. 6. 7. and 10) purified sublingual mucin and (Lanes 1. 4. 5. 8. and 9) sublingual glandular homogenate. Lanes 1 and 2 were probed with antimucin antisera. Lanes 3 and 4 with antisera pre-absorbed to purified mucin (antisera 1:100 in PES with 1 mg/ml mucin. 16 hr. 4OC). and Lanes 5 and 6 with pre-immune serum. In Lanes 7-10. nitrocellulose blots were treated with either 100 mM periodic acid for 16 hr at 2 f C (Lanes 7 and 8) or 0.1 N HzSO4 for 1 hr at 8OOC (Lanes 9 and 10) . Dashes on the far left mark the positions of molecular weight standards as described in legend to Figure   20 . Samples (30 pg dry wl of purified mucin and 30 pg protein of sublingual gland homogenate) were run on a 3.6% stacking gel with a 12% running gel.
blocked almost all immunorcactivity to purificd mucin (Figure 21, Lanc 3) and to sublingual homogcnatc (Figure 21. Lanc 4) . No staining was obscrved when prc-immune serum (pooled equally from both rabbits) was substituted for the primary antiscrum (Figure  21 , Lancs 5 and 6). Antiserum was unreactive to homogcnatcs (30 pg protein pcr lane) prepared from cithcr submandibular or parotid glands (not shown).
To evaluate whether carbohydratc cpitopes are recognizcd by thc antiscrum, wc trcated nitrocellulose strips of blottcd sublingual major mucin or glandular homogcnatc with increasing concentrations of periodic acid to oxidize componcnt carbohydratcs. Other strips were subjcctcd to acid hydrolysis to rcmow sialic acids. In all cases. strips treated with acetate buffer alone or with 1 mM periodic acid were not noticeably diffcrent from untreated controls (not shown). lmmunostaining decreased as periodic acid concentrations incrcascd from 10 mM to 100 mM. As shown in Figure  21 , 100 mM periodic acid resulted in a substantial decrease in immunosraining of both purified mucin (lane 7) and sublingual gland homogcnatc (Lanc 8 ) , suggesting that carbohydratc components of the purificd mucin rcprcscnt a major proportion of epitopcs. Epitopcs rcsistant to strong periodic acid treatment may either be constituents of the protein core or carbohydratcs resistant to pcriodate oxidation, such as 0-sulfated glycosides (Spiro. 1966) . Nirroccllulose strips treated with sulfuric acid wcrc equivalent to controls for both purified mucin and glandular homogenarcs (compare Lancs 9 and 10 IO Lancs 1 and 2 of Figure 21 ). suggesting that sialic acid residues do not contributc substantially to cpitopes recognized by the antiscrum.
Discussion
Patterns of Evpression of Perinatal Proteins in Adult ID
After a pulse of [ jHj-thymidine, the intcrcalatcd ducts of the rat SMG have by far the highcst labeling indcx of any parenchymal cell type. and therc is considerable evidcncc that rhcsc ducts contain progenitor cells for thc acinar cell population during normal and trauma-induced cell rcplaccmcnt (Zajicek et al., 1985; O'Dcll, 1979.1981; Chang. 1974;  Hanks and Chaudhry. 1971 ).
The comparable small ducts of the pancreas appcar to be capable of replacing both acinar and islet tissue (summarizcd in Argcnt et al.. 1992) . reflecting the common developmental origin of both endocrine and mocrinc cells from embryonic endoderm (Gittes and Rutter. 1992) . Ultrastructurally, the salivary ID cells that are rcacrive for perinatal proteins appcar to be diffcrcntiatcd. polarized secretory cells with apically localized secretion granules. The light microscopic data presented here rcprcsent over 1500 cell pairs and substantiate our previous findings, bascd on ultrastructural obscrvations. that B1 and C reactivity is found cxclusivcly in different ID cclls (Moreira et al., 1990) . This is consistcnr with the apparently absolute distinction in the early perinatal rat between 1)pc 111 cells labeled for R1 and Typc I cells labeled for protein C. and suggests that rhcsc are stable. dcvclopmcntally significant cell types rather than cells that have some low. unregulated level of gene expression.
Our data here have shown some ID cells that are unreactive with a mixture of anti-C and anti-B1 antibodies. Because all the cells in which we have found protein D labeling also are reactive for either protein C or B1, it is likely that these cells also lack protein D and therefore constitute a subset of ID cells devoid of all three antigenic proteins. It is not clear whether these are stem cells for one or more phenotypically distinct populations, are transiently downregulated, or are stable nonsecretory cells. The studies cited above appear to have made the tacit (and parsimonious) assumption that a single stem cell gives rise to all of the parenchymal elements, and this assumption would be consistent with the existence of the cell population that lacks all antigenic reactivities indicative of specific cell lineages. These cells might later give rise to the B1and C-labeled ID cells and/or to other cells involved in the replacement of the several types of adult parenchymal cells. Alternatively, the finding of phenotypically distinct ID cells encourages us also to consider the possible existence of multiple stem cells.
Signzficance of the Bl-reactive Acini in Adult SMG
All B1-reactive cells in adult SMG acini showed the pattern of immunoreactivity typical of perinatal Type I11 cells rather than mature acinar cells, being negative for protein C and for the adult acinar marker GRP, suggesting that they might be newly differentiated from stem cells. If so, then replacement of adult acini might involve the division of B1-labeled cells in the ID and transformation of the expanded duct elements first into B1-positive acini and later into mature acini. The identity and fate of proliferating ID cells could be established by combining autoradiography with immunocytochemical analysis after [ 3H]-thymidine administration. The secretory granules of each cell type at every stage of development can be unambiguously identified in ultrastructural preparations by their unique patterns of immunoreactivity. Therefore, it will be possible to determine whether replacement cells precisely recapitulate the perinatal pathway of cell differentiation, passing first through the Type I11 phenotype before becoming mature acini. It has been suggested that in the adult female mouse SMG normal formation of acini may be through unit replacement, with entire new secretory units consisting of several acini plus connecting ID being formed from outgrowth of existing ID (Denny and Denny, 1993) . This implies the resumption of branching morphogenesis in adult glands and, indeed, one report has described the capacity of the adult submandibular epithelium to undergo limited morphogenetic branching in vitro in response to a stimulus from embryonic mesenchyme (Auerbach, 1964) . The existence and nature of an equivalent stimulus in the adult in vivo, during normal or trauma-induced replacement, is thus far unknown. Relevant to this is the report that intercalated duct cells of the adult human SMG, when plated on Matrigel (a reconstituted basal lamina), are able to reorganize, undergo morphogenesis, and differentiate into exocrine acinar cells (Royce et al., 1993) .
Analogous to the possibility that the B1-labeled ID cells give rise to replacement acini would be the presence, in the ID or elsewhere, of a second cell population that provides progenitors for the duct system. The acinar cells differ from the cells of the granular ducts in that no proteins are known to be secreted by both cell types (Ball, 1993) and different agonists stimulate their secretion (Murphy et al., 1980; Bogart and Picarelli, 1978) . Using a panel of MAbs to mammary gland duct elements, Durban and co-workers (1994) have shown that both the acini and intercalated ducts are antigenically distinct from the larger ductal elements. The experiments described above, using a combination of [ 3H]-thymidine labeling and immunocytochemical identification of cell phenotypes, should be able to distinguish between the single and multiple stem cell hypotheses.
Localization ana' Variable Expression of Protein D
Although our previous study had shown a cell in an adult intercalated duct in which protein D was peripherally localized in the secretion granules , our findings here suggest that this is not generally the case. In contrast to the apparent membraneassociation seen in the younger glands (see Figure 1 ). the adult glands examined here show protein D labeling to be distributed throughout the content of secretion granules (Figures 2-4) . The explanation for this difference probably awaits elucidation of the reason for the apparent membrane association of protein D in the perinatal SMG and adult S E .
Our data indicate that protein D is expressed only in cells that also label for B1 or protein C, but in just a small fraction of these cells (Figures 10-12 ; Table 1 ). We realize that there is the possibility for occasional error in the analysis of co-labeling on serial sections. We believe, however, that this is unlikely to be the case in other than a small minority of comparisons and would not affect the interpretation of our data, given the substantial differences in labeling pattern among the three antibodies. Our interpretation, based on the light microscopic data, is strongly supported by our ultrastructural data. Although it is impractical to examine large numbers of cells at the ultrastructural level, we do have other comparisons not presented in our previous publication (Moreira et al., 1990) or in this report, ranging in number from several for the protein D analyses to dozens for protein C and B1 comparisons. These have been consistent, without exception, with our light microscopic findings reported here (e.g., we have never seen an ID cell co-labeled for B1 and protein C). The reason for the presence of protein D reactivity in only a small minority of the B1-and C-labeled cells is not clear, but it could result from changes in synthetic activity of the cells. In the adult, in contrast to the actively differentiating perinatal gland, a given cell may not need to function continuously at a high level of activity. The presence of protein D might be the hallmark of a subset of cells that are actively expressing the genes for secretory proteins. We can use the probes for SMG-A (one of the B1-reactive protein family) and for protein C (Mirels and Ball, 1992; Mirels et al., 1993) to determine whether protein D accumulation is correlated with the expression of these messages.
Presence of Anomalous Mucous Acini in Adult SMG
In examining the nature of this interesting cell phenotype, we report here the preparation of reagent antibodies specific for rat sublingual mucin. Both the specificity of the immunocytochemical localization of the antibody reaction (Figures 18 and 19) and electrophoretic documentation of the nature of the antigen and its polyclonal antibodies (Figures 20 and 21) , encourage the conclusion that authentic sublingual gland major mucin is present in these anomalous mucous acini, suggesting that cells of the submandibular parenchyma have been directed into a sublingual pathway of differentiation. It would be useful to develop additional cell-specific markers for sublingual IT,ucous cells further examine whether these mucous acinar cells found in the SMG are identical to normal SLG mucous cells.
Although the anomalous mucous acini were seen infrequently and are absent from most sections, we have found them in rats from four different litters born at different times, suggesting that they occur with some regularity. Their relative infrequency indicates that a developmental aberration, perhaps a "leakiness" in the regula- tory mechanisms that control the final steps in salivary cell differentiation. That the outcome of this error in developmental regulation is a change to a similar exocrine cell type suggests that the essential regulatory element is a straightforward "switch" controlling whether an SMG or an SLG acinar cell phenotype is produced.
Assuming that these are authentic sublingual cells and that their appearance might be evoked in some regular, predictable way, they may provide a very useful model for studying the terminal stages of cell determination.
